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Does Concerning with the modeling of bypass transitional flows,Savill I has reviewed an effortto assessexisting two--equationturbulence models for the prediction of the bypass transition.The models were assessedfor a few designated testcases,includingflatplateboundary layers with various free stream TI and pressure gradients. The resultssubmitted by the participantsof that effort showed that none of the two--equationmodelstestedcould predictcorrectlyeitherthe onset or the length of the bypass transitionregion.Compared with the measurements, the predictedtransition onsets were mostly too early and the length of transition region too short.
Computationally, predictionsof bypass transitional flows were generallyperformed using a boundary-layer equation solver. This is a valid approach and is very cost effective. However, due to the parabolic nature of the boundary-layer equations, bypass transitional flow calculations using these equations have to begin at a lo- data to cleanly define the inlet flow quantities.
In the following sections, the turbulence models and the numerical platform used in this study are described. The results of flow calculations are also shown.
II. Analysis

Mean
Flow Equations
The flow properties are decomposed into two parts: a mean value and a fluctuation with respect to the mean value. That is, In the present study, the intermittency correction function 7 is defined in terms of the streamwise variation of the peak disturbance energy.
The disturbance kinetic energy increases as the flow evolves from laminar to transitional state.
Its local peak level also increases.
Since the free stream turbulence influences the transition in the boundary layer mainly through the diffusion process, the higher the free stream turbulence, the faster the disturbance energy increases. Therefore, the disturbance energy level is an appropriate parameter to characterize the flow transitional region. The intermittency correction function we proposed in this study involves the peak disturbance energy level and the local free stream turbulence level.
ke and ur denote the local disturbance kinetic energy in the free stream and the local frictional velocity. 
f2ij is the mean rotation rate viewed in a rotating ref-
erence frame with the angular velocity _k. The parameter As is determined by
The damping function is defined by
where az = 1.7 x 10 -3, a3 = 10 -9, as = 5 x 10 -t° In the following, the numerical solution procedure is described.
UI. Numerical Solutions
The .(1) . Fig.(1) . For a fully developed turbulent boundary layer, the results show that the LS model slightly under-predicts the skin friction coefficient, which has been observed in many other calculations of such flows. The fully laminar and fully turbulent flowcalculations results suggest thatthenumerical solver isaccurate and theLS model iscorrectly implemented.
• Free Stream Turbulence Decay
As was mentioned earlier, uniform profiles for the mean and the turbulence quantities were used at the computational inlet. The levels of the turbulent kinetic energy and the rate of dissipation at the inlet were set such that the decay of the turbulent kinetic energy, according to Eq.(19), would agree with the measured data. It has generally been observed in experiments that the location of the onset of transition moves upstream as the turbulence level (TI) in the free stream increases.
Therefore, it is important in a bypass transition simulation that the computed decay of free stream turbulence matches with that of the measurement. Fig.(2) shows a comparison of the computed streamwise distribution of the free stream turbulent kinetic energy with the measurement.
The computed results are the solution of the Reynolds-averaged Navier-Stokes equations and the LS model. There is a good agreement between the computed and the measured distributions.
In fact, it is found in the gridindependency studies that the free stream turbulent kinetic energy distribution is rather insensitive to the grid point variation.
• Computational Inlet Fig. (3) shows two distributions of c_lculated and the measured shape factors usingthesame gridof 120× 120 and theLS model. The computational inlet was located at theleading edge.The distance from theleading edge to thefirst gridpointdownstream,dzo,areI0-3m and 2 x 10-sin,respectively. The inlet turbulent kinetic energyand the rateof dissipation were determinedby Eq.(19). The inlet velocity profiles were takenfrom the Blasius solutions, i.e., U = UBtasius, V = O.
(20)
The large changes in the shape factor near the leading edge in the case with a small dz0 indicates that there is an adjustment of the flow from the given inlet profiles to the Navier-Stokes solutions. It seems that, for the case with a larger dzo, the flow self-adjustment has not completed before the predicted onset of transition. Therefore, with the computational inlet placed at the leading edge, it is possible that the computed flow is not entirely free of the error introduced in the numerical inlet conditions before the transition onset and the prediction of transitions can be inappropriately affected. Consequently, for numerical simulations of the bypass transitional flows over a flat plate, it is more appropriate to place the computational inlet at the upstream of the leading edge, where the experiment can provide data necessary for the determination of numerical inlet conditions. Fig.(4) shows the comparison of the calculated skin friction coefficient with computational inlet located at upstream (z0 = -0.017m) of and at the leading edge (x0 = Ore), respectively.
The grid atop the flat plate is the same for both cases, which is 120x120, and dzo = 2 x lO-Sm. The results show that there is a significant difference in the predicted location of transition onset and transition length. Therefore, it is necessars, for the computational inlet to be located upstream of the leading edge of the flat plate.
• Grid Sensitivity
Orthogonal H-type grids are used in the present calculations. A typical grid of 160 x 120 is shown in Fig.(5) .
In the cross-stream direction, the value of _t+ for the first grid point away from the wall was set to be less than 0.1 in the fully turbulent flow region. In the streamwise direction, the grid density is high near the leading edge to resolve the large local flow gradients. Fig.(6) shows the results of the grid independent studies by continuously refining the grid in the streamwise direction. The grids are 135 x 120,215 x 120,255 x 120,285 x 120,335 x 120. There is no significant difference in the skin friction coefficient, which is very sensitive to grid density, among those obtained from the 255 x 120,285 x 120, and the 335 x 120 meshes. Fig.(7) shows the calculated skin friction coefficient using grids of 255 x 120 and 255 x 160. The results show little difference. These results indicate that the 255 x 120 grid can provide a solution of a fairly high level of grid independency.
• Model Comparisons : T3A
The free stream turbulence intensity is 3% for case T3A. T_ne computational mesh is 255 x i20. The inlet conditions and the mesh for the present model are identical to that for the LS model. The Fig.(8) shows the comparison of computed and measured 1 skin friction coefficients, Cl, as functions of Rex. The present model predicts very well for both the onset and the length of the transition region. The current model's prediction of the variation of C! through the transitional region also agree well with the measurement.
The peak value of C!, which occurs near the end of the transition zone, is also well predicted, indicating that the current model can predict the location of the maximum momentum (or heat) transfer. The calculated and measured streamwise variations of the shape factor are shown in Fig.(9) . The result from the LS model is also shown for comparison.
• Model Comparisons : T3B
For the T3B case, the free stream turbulence is about 6%.
We have used a computational mesh of 255 × 120 for both models. Again, the inlet conditions are the same for both the present model and the LS model. A comparison of the calculated and the measured streamwise variationof C! is shown in Fig.(10) .
The transitiononset is predicted well by the present model. Compared with the data points available, the predicted length of the transitionregion appears to be somewhat shorter. The differencebetween the predicted maximum value of C! and the maximum valueof C! of the availabledata isabout 4%, which falls within the experimental margin of error for such a measurement. In Fig.(12) 1, pp.131-139 (1974) . Fig.(7) Grid independent study with grid refinement in the direction normal to the plate. 
